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Successfui transcatheter closure of a calcified patent ductus 
arteriosus was performed in a symptomatic 78 year old 
man. Cardiac catheterization revealed a left to right shunt 
across the patent ductus arteriosus with a pulmonary to 
systemic flow ratio of 2.8: 1. Calcification of the ductus and 
severe lung disease increased the risk of surgical patent 
ductus arteriosus closure. A 17 mm Rashkind double 
umbrella was positioned in the ductus percutaneously by 
Survival into adulthood with uncorrected patent ductus 
arteriosus is rare, although patients as old as 90 years have 
been reported (1). When significant shunting is detected in 
the elderly, surgical ligation of the patent ductus arteriosus is 
the traditional mode oftherapy, especially when heart failure 
is present (2). Successful outcome has been reported in 
adults with mild to moderate pulmonary hypertension and 
exclusively left to right shunting, but the surgical risk is 
higher than that in pediatric patients (2,3). The risk may he 
especially high in the elderly patient with a calcified, friable 
patent ductus arteriosus. A variety of trandcatheter tech- 
niques have been developed for nonsurgical closure of the 
ductus (4-6). These techniques have been used with increas- 
ing frequency in children and occasionally in young adults, 
but their use has not been reported in elderly patients with a 
calcified patent ductus arteciosus in whom the risk of surgi- 
cal correction is the highest. 
Case Report 
History. The patient, a 76 year old man, was admitted 
with worsening congestive heart failure. He had a lifelong 
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way of the femoral vein. After closure of the ductus there 
was marked hemodynamic improvement and the patient 
was discharged with improved exercise tolerance. Trans- 
catheter closure of patent ductus arteriosus may he a viable 
option for the elderly patient too sick to withstand cardio- 
vascular surgery. 
(I Am Cull Cardiol1988:12:1382-5) 
history of a heart murmur. Cardiac catheterization, per- 
formed when he was 70 years old (December 1980) and 
asymptomatic, revealed a patent ductus arteriosus with a 
pulmonary to systemic flow ratio of 1.8: 1 and a pulmonary 
artery pressure of 50/24 mm Hg. He subsequently developed 
systemic hypertension and required antihypertensive ther- 
apy. During the year before presentation, he developed 
progressive congestive heart failure and was treated with 
digoxin, diuretics and captopril. His past medical history is 
notable for noninsulin-dependent diabetes mellitus and se- 
vere chronic obstructive lung disease. 
Physical examination. Examination revealed a chroni- 
cally ill-appearing elderly man with a blood pressure of 120/ 
50 mm Hg and an irregularly irregular pulse at 60 beatslmin. 
There was no clubbing or cyanosis. There was livedo re- 
ticularis of the cheeks consistent with low cardiac output. 
Other notable findings included tales in the lower third of 
both lung fields. a palpable right ventricular impulse, a 
physiologically split second heart sound with slighdy in- 
creased pulmonary component, a grade 316 mid-systolic 
murmur at the left upper sternal border, a grade 216 high- 
pitched, decrescendo diastolic murmur along the left sternal 
border. a pulsatite liver edge palpable 4 cm below the right 
costal margin and bilateral pitting edema. 
Laboratory examination. Blood chemistry findings in- 
cluded hemogtobin, 14.3 gldl; sodium, 133 mEq/liter; creat- 
inine, I.6 mgldl; prothrombin time, II,8 s and alkaline 
phosphatase 183 U/liter. The electrocardiogram (ECG) re- 
vealed atrial fibrillation with a ventricular response of 75 
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Table 1. Hemodynamic Measurements Before and After Patent 
Ductus Arteriosus CIosure 
Before After 
Pressures (mm Hg) 
Right atrium 6 - 
Right ventricle 6Sl6 - 
Pulmonary artery 68130 45/?2 
Mean 4s 30 
Pulmonary capillary wedge I? 4 
Femoral artery I IO/SO I!0160 
Pulmonary blood flow (li~ersfmin) 4.7 3.3 
Systemic blood flow (EtersImin) 1.7 2.6 
Systemic flow index (IitersImin per m‘l I.1 1.6 
Left to right shunt (IitersImin) 3.0 0.7 
Pulmonary to systemic flow ratio I.8 1.3 
Oxygen consumplion index (mVmin per rn? 1.4 - 
SVR (dyncs.s.cm-? 2918 - 
PVR (dynes.s.cm-5) 562 - 
PVR = pulmonary vascular resistance: SVR = systemic vascular resis- 
tance. 
beatslmin, left anterior hemiblock. biventricular hypertro- 
phy and inferolateral ST-T wave changes consistent with 
“strain” or digitalis effect. The chest roentgenogram re- 
vealed enlargement of the cardiac silhouette, dilated main 
pulmonary arteries, a prominent aorta and a calcified aortic 
ductus diverticulum. An echocardiogram was not per- 
formed. 
Car&e catheteriza~. The risk of surgical closure of 
the ductus was judged to be unacceptably high and the 
patient was referred for repeat catheterization and possible 
transcatheter closure of the ductus. Informed consent for the 
procedure was obtained in accordance with the requirements 
of the Human Subjects Committee of Brigham and Women s 
Hospital. 
Cardiac catheterization (Table I) revealed an increased 
left to right shunt in comparison with the previous study, 
with a pulmonary to systemic flow ratio of 2.8: 1. Pulmonary 
hypertension was present with a pulmonary artery pressure 
of 68/30 mm Hg and a pulmonary vascular resistance of 562 
dynes.s.cm-5. The cardiac index (by Fick method) was 
markedly reduced at I. I literslmin per m’. Arch aortography 
revealed a short, 4 to 5 mm patent ductus arteriosus and a 
calcified ductus diverticulum with shunting from the aorta to 
the pulmonary artery (Fig. IA). 
Ductus arteriusus closure. Using the percutaneous ap- 
proach by way of the right femoral vein previously reported 
(7). we passed a no. 7F multipurpose catheter (Cordis) 
through the patent ductus arteriosus from the left pulmonary 
artery. This catheter was exchanged for an 0.038 in. (0.0% 
cm) guide wire (Cook) and then an 85 cm I IF Desilet- 
Hoffman sheath (USCL) was advanced from the pulmonary 
artery across the patent ductus arteriosus iato the descend- 
ing aorta. After soaking ihe foam disks of the I7 mm 
at- 
PA 
Figure 1. Lateral view arch aortograms before (A) and after (B) 
tmnscatheter closure of the patent ductus arteriosus. A, Contrast 
medium fills the left and right pulmonary arteries (PA) when injected 
into the aorta (Ao) near the ductus diverticulum (small black 
arrows). The patent ductus is minimally opacified (krge while 
arrow). B, Rashkind double umbrella in place after closure of the 
patent ductus arteriosus with the double umbrelta (white arrow)+ 
Rashkind double umbrella in topical thrombin (Throm- 
bostatin, Parke-Davis). we loaded the umbrella onto an 1 IF 
Rashkind umbrella catheter (USCI), inserted the umbrella 
into the sheath and positioned it in the patent ductus 
arteriosus within the 1IF sheath. The distal arms were 
opened in the aortic diverticulum. Withdrawing the sheath 
allowed the distal arms of the double umbrella to seat against 
the aortic side of the patent ductus arteriosus, and further 
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Figure 2. Hemodynamic recordings of femoral artery (FA) and 
pulmonary artery (PA) pressures on 200 mm Hg scale immediately 
before (PRE) and ,lfter (POST) closure of the patent ductus arte- 
riosus. 
withdrawal of the sheath permitted the proximal arms to 
open at the pulmonary side of the patent ductus arteriosus. 
The calcified ductus divcrticulum served as c Imdmark for 
the aortic end of the patent ductus arteriosus. The catheter 
was then released from the umbrella. 
After occlusion of the ductus, repeat aortography re- 
vealed only trace communication with the pulmonary artery 
(Fig. IB). There was a minimally detectable left to right 
shunt with a pulmonary to systemic flow ratio of I .3: I (Table 
I). The pulmonary artery pressure decreased to 45122 mm 
Hg (Fig. 2) and the cardiac index increased to I .6 liters/min 
per m2. The patient had no vascular complications. 
Physica! examination after occlusion revealed a brief, 
grade iid mid-systolic murmur. Atrial fibrillation persisted. 
The patient was discharged 48 h after the procedure with 
improved exercise tolerance at a lower dose of furosemide. 
Two weeks after closure of the patent ductus arteriosus, he 
reported a decrease in symptoms from New York Heart 
Association functional class HI to class I. 
Discussion 
Patent ductus arteriosus in children: transcatheter closure. 
In children, surgical closure of a patent ductus arteriosus is 
a safe and effective procedure, but it requires thoracotomy 
and about a I week hospitalization (7). As an alternative, 
Porstmann and associates (4.8) developed a technique of 
transcatheter closure of a patent ductus arteriosus with an 
lvaion foam plastic plug inserted by femoral artery cutdown. 
They reported (8) a success rate of 95% in 208 patients (aged 
5 to 62 years) selected to have a cone-shaped patent ductus 
arteriosus that was small enough to be occluded by a plug 
passed through the femoral ai-tery. Follow-up of this group 
over 5 to I5 years demonstrated hemodynamic and sympto- 
matic improvement. There were no cases of endocarditis. 
Rashkind and Cuaso (5) developed the double umbrella 
device, which could be folded inside a catheter during its 
introduction. Rashkind et al. (6) modified this technique to 
permit a transvenous approach. They reported a success rate 
of 66% in 156 patients catheterized at three centers. Incom- 
plete patent ductus arteriosus closure and embolization to 
distal aorta or pulmonary artery (15%) accounted in part for 
the relatively high failure rate in the initial series (6). As the 
operators gained experience, higher success rates were 
achieved. Newer catheter delivery systems and technical 
modifications such as soaking the umbrella foam in topical 
thrombin and use of an inflated balloon catheter to restrict 
residual patent ductus arteriosus flow and promote closure 
may have contributed to the improved outcome (7). 
Patent ductus in older patients: indications for trans- 
catheter closure. In older patients, surgicaf closure of patent 
ductus arteriosus is more hazardous than in pediatric pa- 
tients, especially when the ductus is calcified (2,9,10). There 
is increased risk of hemorrhage during dissection and clamp- 
ing of the friable, atherosclerotic ductus and adjacent great 
vessels (2). When pulmonary hypertension is present, there 
is additional risk of hemorrhage from a dilated pulmonary 
artery (to). Most elderly patients have long-term improve- 
ment in exercise tolerance and reduced heart size when 
surgical patent ductus arteriosus closure is successful. When 
there is severe pulmonary hypenension and right to left 
shunting, however, a favorable outcome is less likely (3). 
The patient presented in this reprt had congestive ilzali 
failure, moderately severe pulmonary hypertension and ex- 
clusively left to right shunting. He was thus hemodynami- 
tally a good candidate for patent ductus arteriosus closure. 
Advanced age, extremely low cardiac index (1.1 IitersImin 
per m% severe lung disease and the calcified patent ductus 
arteriosus, however, made the risk of cardiovascular surgery 
unacceptably high. In this setting, transcatheter closure of 
the ductus with use of local anesthesia and mild sedation was 
an attractive option, Marked hemodynamic benefits were 
achieved without subjecting the patient to the risks of 
surgical closure of the ductus (Table I). 
Mead of increasing the risk of the transcatheter proce- 
dure, the calcified ductus and the ductus diverticulum were 
features of this case that helped alleviate a problem previ- 
ously observed in younger patients. Correct placement of 
the umbrella has occasionally been complicated by unrecog- 
nized posterior displacement of the ductus by the pressure of 
the sheath (7). In this patient, the ductus diverticulum 
allowed free movement of the umbrelia arms. The rim of 
calcium served as a landmark, obviating the need for re- 
peated contrast injections to localize the ductus. 
Conclusions. This case demonstrates that transcatheter 
closure of patent ductus arteriosus may be a viable option for 
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elderly patients too sick to withstand general anesthesia and 
cardiovascular surgery. in pediatric patients, in whom the 
risk of surgical ligation is low, use of transcatheter patent 
ductus arteriosus closure eliminates the need for thoracot- 
omy. As recently shown (7). the procedure can even be 
performed on an outpatient basis. In the elderly it provides 
an alternative to higher risk surgical ligation, even when 
there are no other complicating medical problems. Unlike 
aortic balloon valvuloplasty, another recently developed 
transcatheter technique used in elderly patients, transcathe- 
ter closure of patent ductus alteriosus has the potential to 
completely correct the hemodynamic defect. Thus. the tech- 
nique promises to become the preferred mode of therapy for 
patent ductus arteriosus in patients of all ages. 
We thank Anthony P. Lovell. MD of Springfield. Massachusetts for referring 
the patient to Bligham and Women’s Hospital. 
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